responses has been shown to lead to behavioral reports of reduced emotional responses, as well as to decreased activity in emotion-processing regions such as the amygdala (Ochsner, Bunge, Gross, & Gabrieli, 2002; Phan et al., 2005) . Notably, this effect has been found particularly in the ventrolateral prefrontal cortex (vlPFC), suggesting that activity in this region is associated with successful down-regulation of emotional responses. In contrast, regulation-related activity in other prefrontal regions, such as the dlPFC, has not been associated with regulation success. In fact, Lévesque et al. (2003) found that dlPFC activity was positively correlated with emotion ratings during attempts to down-regulate emotional responses and suggested that activity in this region might represent effortful regulation, where activity increases with greater task difficulty. Consistent with this suggestion, Eippert et al. (2007) found a negative correlation between dlPFC activity during emotion regulation and postscan ratings of regulation success. Thus, if an individual has difficulty regulating emotional responses, one might expect to see increased dlPFC activity during regulation.
With these ideas in mind, we investigated whether neuroticism modulates brain activity when individuals attempt to exert voluntary control over emotional responses. We sought to determine whether higher levels of neuroticism correlated with increased activity in brain regions associated with emotional processing during emotional picture viewing and with increased activity in brain regions involved in effortful emotion regulation during active attempts to down-regulate emotional responses.
Psychopathic Personality and Decreased Emotional Reactivity
In addition to neuroticism, which is characterized by increased negative affect, we investigated a personality trait that is characterized by the opposite disposition: the tendency to experience reduced negative affect. Specifically, we investigated the association between neural responses during emotion processing and regulation and variation in psychopathic personality traits. Psychopaths show decreased autonomic reactivity to emotional stimuli, as compared with nonpsychopaths, particularly when the stimuli depict fearful or threatening content (Lykken, 1957; Patrick, 1994) or others in distress (Aniskiewicz, 1979; Blair, Jones, Clark, & Smith, 1997) , as well as impaired identification of fearful facial expressions and vocal expressions of fear (Blair, 1999; Blair et al., 2004; Blair, Mitchell, & Richell, 2002) . Neuro imaging studies have shown that psychopaths, relative to nonpsychopaths, show increased lateral and superior prefrontal activity (Gordon, Baird, & End, 2004; Kiehl et al., 2001; Müller et al., 2003) and diminished limbic activity (Birbaumer et al., 2005; Gordon et al., 2004; Kiehl et al., 2001 ; but see Müller et al., 2003) to emotional stimuli, including unpleasant words or facial expressions. These findings indicate that psychopathy does not merely represent the "low end" of the normal spectrum of emotional reactiv-1991), and psychopathic personality, which is associated with attenuated reactivity to negative emotional stimuli (Lykken, 1957; Patrick, 1994) . We explored the association between these traits and neural responses during emotion processing and active down-regulation of emotional responses.
Neuroticism and Increased Negative Affect
Neuroticism is a personality trait associated with a greater tendency to experience negative affect (Costa & McCrae, 1980; Larsen & Ketelaar, 1991) and a diminished capacity to down-regulate negative emotions (Kokkonen & Pulkkinen, 2001; Slessareva & Muraven, 2004) . Neuroticism has a prominent role in leading theories of personality (Costa & McCrae, 1980; Eysenck, 1990; Gray, 1972) and has been implicated in several mood and personality disorders (Bienvenu & Stein, 2003; Davidson, Miller, & Strickland, 1985; Samuels et al., 2000) . There has also been a growing interest in identifying patterns of brain activity that are associated with neuroticism, and it has even been suggested that neuroimaging techniques, such as functional magnetic resonance imaging (f MRI), might prove superior to behavioral methods in characterizing personality dimensions, including neuroticism (Canli & Amin, 2002; Eisenberger, Lieberman, & Satpute, 2005) . The rationale for this view is that whereas behavioral measures can be considered to be the result of the combined patterns of all brain activity during a particular task, neuroimaging techniques can isolate specific patterns of brain activity during performance of the task of interest that have been proposed to be influenced by certain personality characteristics.
The neural correlates of neuroticism have been investigated within the context of several emotional and cognitive tasks. For example, Canli et al. (2001) reported positive correlations between neuroticism and activity in the dorsolateral prefrontal cortex (dlPFC) during an emotional picture viewing task. In a subsequent study that used an emotional Stroop task, negative mood, but not neuroticism, was positively correlated with anterior cingulate (ACC) activation to negative words (Canli, Amin, Haas, Omura, & Constable, 2004) . Given that negative mood is characteristic of individuals high in neuroticism, the latter study suggested that the effects of certain personality traits on brain activation might be related more to the mood state associated with the personality trait. Another study showed a negative correlation between neuroticism and ACC activation during a controlled processing (oddball detection) task (Eisenberger et al., 2005) . Thus, associations between neuroticism and activity in prefrontal regions including the dlPFC and ACC have been found during emotional and cognitive tasks. These brain regions have also been consistently implicated in the neural basis of emotion regulation, such that voluntary attempts to modulate emotional responses lead to increased activity in these regions (Ochsner & Gross, 2005) . Moreover, increased prefrontal activity during attempts to down-regulate emotional ing high on psychopathic traits, particularly coldheartedness, would show decreased amygdala activity when viewing unpleasant pictures. Regarding the regulation of emotional responses to unpleasant pictures, we predicted that, during attempts to down-regulate negative emotions, individuals high in neuroticism would show increased dlPFC activity, representing increased difficulty in regulation, as compared with individuals low in neuroticism. In contrast, we predicted that individuals high in psychopathic traits and coldheartedness would show increased vlPFC and superior prefrontal activity, representing successful regulation, relative to individuals scoring low on these traits.
Moral Versus Nonmoral Emotion Regulation
To further explore the association between personality traits and emotion regulation, we compared the viewing of and regulation of emotional responses to two different types of emotional stimuli: moral and nonmoral pictures. Participants either passively viewed or regulated their emotional responses to unpleasant pictures that did or did not contain moral violations-for example, a picture of a drunk driver (moral picture) versus a picture of a driver displaying "road rage" (nonmoral picture). We were interested in exploring the association between psychopathic traits and emotional responses to unpleasant pictures depicting moral violations. Prior research has shown that psychopaths are more likely than nonpsychopaths to intentionally commit moral violations, such as stealing and violence against others, and to show a lack of remorse for such actions (Blair, 1997; Blair, Jones, Clark, & Smith, 1995; Blair, Sellars, Strickland, & Clark, 1995; Hare, 1998) . Psychopathic individuals have also been shown to lack a sophisticated understanding of the distinction between moral and conventional transgressions (Blair, Jones, et al., 1995; Nucci & Herman, 1982) , suggesting a cognitive deficit that may contribute to immoral behavior.
Psychopathy, then, is characterized by moral insensitivity and deficits in broader emotional functioning. These two phenomena are not necessarily distinct. Moral violations often evoke emotional responses, and recent theories of moral appraisal have placed a greater emphasis on the role of emotions in guiding moral judgments (Haidt, 2001; Prinz, 2006) . If psychopaths lack sufficient emotional responses, this may contribute to their insensitivity to moral violations. Although the neural correlates of emotional deficits in psychopathy have begun to be characterized (Blair, Mitchell, & Blair, 2005; Kiehl, 2006) , the neural correlates of moral processing in psychopathy have yet to be investigated.
Neuroimaging studies of healthy individuals have shown that viewing statements and/or pictures depicting moral violations activates brain regions involved in emotion processing, including the medial prefrontal cortex (MPFC) and, less consistently, the posterior cingulate (for reviews, see Greene & Haidt, 2002; Moll, Zahn, de Oliveira-Souza, Krueger, & Grafman, 2005) . If psychopaths are less emotionally responsive to moral ity, but involves specific deficits in emotional responding that are not shown by nonpsychopaths and that are associated with reduced responses in brain regions associated with emotional processing. Thus, we investigated whether higher levels of psychopathic traits would predict decreased activity in brain regions associated with emotional processing during emotional picture viewing and regulation.
We also predicted that individuals higher in psychopathic traits would more easily regulate emotional responses to unpleasant stimuli, relative to those lower in psychopathic traits, since their emotional responses would be minimal. Accordingly, these individuals should show increased activity in brain regions involved in successful emotion regulation, such as the vlPFC, during active attempts to down-regulate emotional responses. We also predicted a positive association between psychopathic traits and activity in the superior prefrontal cortex during regulation. This region is one of the most consistently implicated regions in emotion regulation (Eippert et al., 2007; Harenski & Hamann, 2006; Herwig et al., 2007; Kim & Hamann, 2007; Ochsner et al., 2002; Ochsner et al., 2004; Phan et al., 2005) , and although information on the role of this region in regulation is limited, a recent study by Herwig et al. (2007) showed increased activity in this region in an emotion regulation "expert" (a trained psychotherapist), and it was suggested that activity in this region might be related to the amount of training and expertise one has in regulating emotions. We expected that individuals high on psychopathic traits would resemble "experts" in regulating their emotional responses and would thus show increased superior prefrontal activity during regulation.
In summary, we investigated the association between neuroticism and psychopathic traits and regional brain activation, both during passive viewing of unpleasant pictures and during active down-regulation of emotional responses to unpleasant pictures. To assess neuroticism, we used the NEO Five Factor Inventory (NEO-FFI; Costa & McCrae, 1992) . To assess psychopathic personality traits, we used the Psychopathic Personality Inventory (PPI; Lilienfeld & Andrews, 1996) , a selfreport questionnaire that is designed to measure psychopathic traits in nonclinical populations. In addition to the total PPI score, which represents the combination of all psychopathic traits (e.g., egocentricity, manipulativeness, impulsivity), we explored the effects of the "Coldheartedness" subscale of the PPI, which focuses on low emotional reactivity, on brain activity during emotional picture viewing and regulation. We predicted that, when viewing unpleasant pictures, individuals high in neuroticism would show increased amygdala activity, relative to individuals low in neuroticism, representing heightened emotional responses. Prior research has demonstrated the role of the amygdala in the processing of negative emotional stimuli (Garavan, Pendergrass, Ross, Stein, & Risinger, 2001; Hamann, Ely, Hoffman, & Kilts, 2002; Isenberg et al., 1999; Strange, Henson, Friston, & Dolan, 2000) . In contrast, we predicted that individuals scor-depicted unpleasant social scenes without moral content (e.g., an argument). Moral and nonmoral pictures were matched for emotional arousal and social complexity on the basis of ratings provided in a prior pilot study of 25 participants (none of these participants were included in the present study). For more information on the pictures and the matching procedure, see Harenski and Hamann (2006) .
At the beginning of each trial block, an instruction in white letters appeared in the center of a black screen for 8 sec. The instruction was either watcH or decrease, indicating how the participant should evaluate the following group of pictures. On both watch and decrease trials, a set of four consecutive moral or nonmoral pictures was shown following the instruction, each picture shown for 5 sec, for a total of 28 sec per trial. During watch trial blocks (four moral, four nonmoral), the participants were instructed to view the pictures and allow themselves to experience whatever thoughts or feelings each picture evoked. During decrease trial blocks (four moral, four nonmoral), the participants were instructed to view the pictures and attempt to decrease any elicited emotional responses by thinking about the picture in a way that rendered their responses less emotional. A baseline condition was included in which the participants viewed four consecutive single-digit numbers and covertly determined for each whether the number was odd or even. The 8-sec instruction preceding these trials was odd-even. This task was used as a baseline instead of fixation, because it has been shown that engaging participants in a minimally demanding cognitive task results in less variable brain activation, allowing for a clearer contrast between baseline and active conditions (Stark & Squire, 2001) .
Procedure. One week prior to scanning, all the participants completed a practice session to become familiarized with the experimental task. In the task, the participants were presented with individual pictures and were instructed either to watch the picture or to attempt to decrease their emotional response. The participants were not directed to use any particular strategy in decreasing their emotional responses, to increase the ecological validity of the regulation processes; however, suggestions were given in the form of reappraising the picture so that it depicted a less negative emotional situation. For example, a car accident scene could be reinterpreted as a scene from a movie that was not real, as being viewed on the news as having occurred in another country (creating physical distance from the emotional event), or as happening to a person whom the individual had never met (creating interpersonal distance). The participants were instructed not to use a suppression strategy (e.g., controlling facial expressions). For a more detailed description of the practice session, see Harenski and Hamann (2006) . A follow-up questionnaire at the end of the study indicated near unanimity across participants in using a reappraisal strategy of pretending that the scenes were unreal.
During scanning, the participants completed twenty 28-sec trials across two separate scan runs. Each of the five trial types (watch moral/nonmoral, decrease moral/nonmoral, and odd-even) occurred four times, and the order of trial types was counterbalanced across scans, so that no two trial types were presented in succession more than any other two trial types. In addition, pictures assigned to the watch condition were switched with those assigned to the decrease condition, creating a second stimulus set that was presented to every other participant (five total). Images were rear-projected using an LCD projector, controlled by a laptop computer. Tasks were designed and presented using Presentation software (Version .50; Neurobehavioral Systems, 2002, http://nbs .neuro-bs.com).
Personality measures. Prior to the scanning session, the participants completed two personality questionnaires: the NEO-FFI (Costa & McCrae, 1992) and the PPI (Lilienfeld & Andrews, 1996) . The NEO-FFI measures five personality traits: neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness. It consists of 60 items, 12 items addressing each trait. Items stimuli, they should show less activity in these brain regions during the viewing of such stimuli. The present study explored this hypothesis by investigating the association between psychopathic traits and neural activity during moral versus nonmoral picture viewing, as well as during active down-regulation of emotional responses to moral and nonmoral pictures. We predicted that individuals high in psychopathic traits would show less activity in the MPFC during moral picture viewing and regulation, relative to individuals low in psychopathic traits. Our hypothesis was based on previous research linking MPFC lesions to psychopathic-like behavior (Anderson, Bechara, Damasio, Tranel, & Damasio, 1999) and impaired reasoning about affective aspects of moral dilemmas (Koenigs et al., 2007) . We did not have specific predictions regarding neuroticism since, to our knowledge, no prior studies have linked neuroticism to moral (or nonmoral) processing.
Ten participants were scanned using fMRI while they passively viewed or attempted to decrease emotional responses to unpleasant pictures. Half of these pictures depicted moral violations, whereas the other half were thematically matched pictures that did not depict moral violations. We investigated correlations between neuroticism and psychopathic traits and regional brain activation, both during passive viewing of emotional pictures and during active down-regulation. We also investigated whether correlations between psychopathic traits, neuroticism, and brain activity differed for moral and nonmoral stimuli. Given the exploratory nature of our study due to the low sample size, we also conducted a second, event-related fMRI experiment in the same scanning session, in which the same participants viewed a different set of unpleasant pictures, selected to minimize moral salience, and again attempted to decrease their emotional responses. This additional experiment provided an opportunity to replicate the findings from the first experiment, thus minimizing the likelihood of spurious findings. The event-related design of the second experiment also enabled analysis of fMRI responses to each picture, and in addition, because participants provided online arousal ratings after each picture, regulation success could be assessed by examining the effect of regulation on online arousal ratings.
ExPERIMENt 1 Method
Participants. Ten right-handed female adults free from any history of neurological or psychiatric impairment, and of similar education level, were recruited (age range, 18-29 years). Only females were recruited because males and females have been suggested to differ in neural activity during emotion processing (for a review, see Hamann & Canli, 2004) . The participants provided written informed consent prior to the study, which was approved by the Emory University Institutional Review Board.
Stimuli and Design. Two sets of unpleasant pictures (32 moral, 32 nonmoral) were selected mostly from the International Affective Picture System (IAPS) (Lang, Bradley, & Cuthbert, 1995) and were supplemented with pictures from the popular media. Moral pictures depicted unpleasant social scenes indicating a specific moral violation (e.g., an abusive situation). Nonmoral pictures of all gray matter) was specified during analysis to help minimize the loss of signal in brain regions that are susceptible to signal dropout. A voxel-level threshold of p , .001 with an extent threshold of 5 contiguous voxels was used for regions of a priori interest. These included regions associated with emotional processing (the amygdala) and emotion regulation (the superior frontal cortex [BA 6/8], the dlPFC [BA 8/9] , and the vlPFC [BA 45/47]), as well as regions associated with affective aspects of moral processing (the MPFC [BA 9/10/11] and the posterior cingulate [BA 31]). Statistical results for all activation clusters identified within these regions of interest (ROIs) were corrected for multiple comparisons, using the SPM small-volume correction (Worsley et al., 1996) with a familywise error rate (FWE) of p , .05, using 10-mm spherical regions with the central coordinates derived from averaged coordinates on the basis of previous emotion regulation studies reporting activations in the superior prefrontal cortex, dlPFC, and vlPFC (Eippert et al., 2007; Herwig et al., 2007; Lévesque et al., 2003; Ochsner et al., 2002; Ochsner et al., 2004; Phan et al., 2005) . The same procedure was used for brain regions associated with moral processing (the MPFC and posterior cingulate), in which coordinates were obtained from previous morality studies reporting activations in these regions (Greene, Nystrom, Engell, Darley, & Cohen, 2004; Greene, Sommer ville, Nystrom, Darley, & Cohen, 2001; Heekeren et al., 2005; Heekeren, Wartenburger, Schmidt, Schwintowski, & Villringer, 2003; Moll, de Oliveira-Souza, Bramati, & Grafman, 2002; Moll, de Oliveira-Souza, Eslinger, et al., 2002; Moll et al., 2005; Robertson et al., 2007; Schaich Borg, Hynes, Van Horn, Grafton, & Sinnott-Armstrong, 2006) . For the amygdala, an 8-mm spherical region was used with the central coordinates determined on the basis of prior research in our laboratory focused on this region Hamann & Mao, 2002) .
To identify regions that were correlated with individual participant personality scores, activated regions were identified in specific contrasts corresponding to hypotheses regarding unpleasant picture viewing (watch moral . odd-even, watch nonmoral . odd-even) and emotion regulation (decrease moral . watch moral, decrease nonmoral . watch nonmoral), as well as those regarding moral versus nonmoral processing (watch moral . watch nonmoral, and watch nonmoral . watch moral). For activations in ROIs for which we had specific hypotheses regarding correlations with personality traits (e.g., the amygdala), parameter estimates of the effect size for each of the participants were extracted from the relevant activated cluster and were entered into correlation analyses with the scores on neuroticism, the total PPI score, and the coldheartedness score, using a standard statistical software package (SPSS, Version 13.0 [2004] ). The other four NEO-FFI factors (extraversion, openness, agreeableness, and conscientiousness) and the other seven PPI scales (Machiavellian egocentricity, social potency, carefree nonplanfulness, fearlessness, blame externalization, impulsive nonconformity, and stress immunity) were entered into analysis as control variables. That is, we did not have hypotheses regarding these traits but included them as an estimate of the specificity of our results (i.e., predicting that significant correlations would not occur with any of these traits).
Results and Discussion
Results corresponding to the effects of moral and nonmoral picture viewing and emotion regulation, irrespective of individual variation in personality traits, have been reported in a previous study (Harenski & Hamann, 2006) . Personality and mood scores. Neuroticism scores were transformed to T scores, with the population mean defined as T 5 50 and one standard deviation of T 5 10. The mean sample score for neuroticism (M 5 39.4, Sd 5 9.6, range 5 23.1-59.3) was slightly lower than that for are rated on a scale of 1-5 (disagree strongly, disagree, neutral, agree, agree strongly). Because our study included only negative emotional stimuli, we were primarily interested in the influence of neuroticism on brain activity associated with regulating negative emotions. Representative neuroticism items include "I seldom feel blue" (reverse scored) and "I often get angry with the way people treat me."
The PPI (Lilienfeld & Andrews, 1996) is designed to measure psychopathic personality traits in nonclinical populations. In addition to a total psychopathy score, it provides subscores on eight personality traits characteristic of psychopathy: Machiavellian egocentricity (sample item: "I always look out for my own interests before worrying about those of the other guy"), social potency (sample item: "Even when others are upset with me, I can usually win them over with my charm"), coldheartedness (sample item: ''It bothers me greatly when I see someone cry''; reverse scored), carefree nonplanfulness (sample item: "I often make the same errors in judgment over and over again"), fearlessness (sample item: "Making a parachute jump would really frighten me"; reverse scored), blame externalization (sample item: "I usually feel that people give me the credit that I deserve"; reverse scored), impulsive nonconformity (sample item: "I sometimes question authority figures 'just for the hell of it'"), and stress immunity (sample item: "I can remain calm in situations that would make many other people panic"). The questionnaire consists of 56 items, 8 items addressing each trait. Items are rated on a scale of 1-4 ( false, mostly false, mostly true, true).
In addition to the NEO-FFI and PPI, 9 of the 10 participants completed the Positive and Negative Affect Scale (PANAS; Watson, Clark, & Tellegen, 1988) . The PANAS quantifies separate subscales related to positive mood and negative mood. Ratings were made on a scale ranging from 1 (very slightly) to 5 (extremely) regarding how the participant felt at that moment for a set of 20 terms (e.g., active, guilty, interested, hostile). Since prior research has shown that associations between neuroticism and neural activity during emotional and cognitive tasks may be due more to the negative mood state that is associated with high levels of neuroticism , negative mood state scores were included as a covariate for all neuroticism analyses.
MRI data acquisition. Whole-brain imaging data were obtained using a Siemens 3T Trio MRI scanner. Brain imaging involved acquisition of 30 axial slices of 3-mm thickness acquired parallel to the AC-PC line. Functional scans were acquired using T2*-weighted gradient echo, echo-planar pulse sequences (TR 5 2,516 msec, TE 5 30 msec, 64 3 64 matrix, 3 3 3 3 3 mm voxel size). A total of 114 scans were obtained in each of two scan runs. Structural images were acquired using a gradient echo, T1-weighted pulse sequence (TR 5 500 msec, TE 5 20 msec, 256 3 256 matrix, 1 3 1 3 1 mm voxel size). Head movement was limited by padding and restraint.
Data analysis. Functional images were motion corrected and normalized to a standard template brain using SPM99 (www.fil.ion .ucl.ac.uk/spm). Images were normalized to the standard template brain by applying a 12-parameter affine transformation, followed by nonlinear warping using basis functions, and were smoothed using a Gaussian kernel of 6-mm FWHM. Grand mean global scaling was used to correct for between-participant/session differences in mean signal intensity. Low-frequency noise was removed using a highpass filter (Holmes, Josephs, Büchel, & Friston, 1997) .
Individual participant data were analyzed using a fixed effects model (Friston, Jezzard, & Turner, 1994) . Group data were analyzed using a random effects model (Holmes & Friston, 1998) . Condition effects at the participant level were modeled by boxcar regressors representing the occurrence of each of the five block types, convolved with a canonical hemodynamic response function for the 20-sec period during which the participants either passively viewed or decreased their emotional responses to the pictures or performed the baseline task. A thresholded gray matter mask (80% Correlations between personality scores and brain activation during picture viewing. The effects of individual variation in neuroticism and psychopathic traits on brain activation during moral and nonmoral picture viewing were explored in the following contrasts: watch moral . odd-even, watch nonmoral . odd-even, watch moral . watch nonmoral, and watch nonmoral . watch moral. In the initial group random effects analysis, increased bilateral amygdala activity was observed in the watch moral . odd-even contrast ( p , .003 FWE small-volume corrected). Parameter estimates of left amygdala activity were positively correlated with neuroticism [r(9) 5 .71, p 5 .02; see Figure 1A ]. When negative mood state scores were entered as a covariate, the correlation was reduced only slightly ( p 5 .063). The correlation with negative mood state while controlling for neuroticism was not significant ( p 5 .17). In contrast to the results for neuroticism, scores from the coldheartedness subscale of the PPI were negatively correlated with left-amygdala activity [r(9) 5 2.658, p 5 .03; see Figure 1B ]. Amygdala activity also occurred at a reduced statistical threshold in the watch nonmoral . odd-even contrast ( p , .005, uncorrected) . Parameter estimates of right-amygdala activity were moderately negatively the average female college student population (although average when compared with that of adult female populations). Although there are no published norms for the PPI, but only for the PPI-R (Lilienfeld, personal communication, September 2007) , the mean PPI and coldheartedness scores (M 5 123, Sd 5 13.2, range 5 100-140, and M 5 12.7, Sd 5 3.3, range 5 8-18, respectively) were similar to those obtained by the first author in two subsequent female samples (total PPI
Total PPI and coldheartedness scores were positively correlated (r 5 .67, p 5 .024). No other significant correlations occurred between personality traits. Neuroticism and coldheartedness were negatively correlated (r 5 2.38), in line with our predictions, but the correlation was not significant, likely owing to the small sample size. Negative mood state scores (M 5 13.0, Sd 5 3.3) were negatively correlated with coldheartedness scores (r 5 2.59, p , .056). No other significant correlations occurred between personality traits and negative mood state. These results are in line with our prediction that psycho pathic traits would be associated with increased superior and vlPFC activation during emotion regulation. However, our ability to explore correlations between personality traits and lateral prefrontal activity during regulation, particularly in the dlPFC, was limited due to a lack of activity in these regions. This may have been due to our study design. Unlike most prior emotion regulation studies, which used an event-related design, ours used a blocked design, which precluded the recording of responses to individual pictures. In one emotion regulation study that used a blocked design (Lévesque et al., 2003) , vlPFC activity was observed only at a liberal threshold ( p , .05, uncorrected). Lack of lateral prefrontal activity during regulation has also been attributed to low power (Ochsner et al., 2004) , which may have been a factor in the present experiment, given our use of only four blocks per condition. Another limitation of the present experiment is the fact that we did not obtain online emotion ratings in response to individual pictures and, thus, did not have an estimate of regulation success for our participants. We addressed these issues in Experiment 2. In addition, since the same participants as those in Experiment 1 completed Experiment 2, we were able to assess the within-participants replicability of our results across two different emotion regulation paradigms. Given our small sample size, this provides evidence against the possibility of Type I errors.
ExPERIMENt 2
Experiment 2 was conducted with the same participants as those who had participated in Experiment 1, immediately following the first experiment in the same fMRI scanning session. In contrast to Experiment 1, Experiment 2 utilized an event-related design in which each picture was presented individually and rated on emotional arousal following passive viewing or regulation. The difference between ratings of unpleasant pictures in the viewing and regulation conditions constituted an index of regulation success. We also investigated whether individual regulation success estimates were associated with personality traits and predictive of regulation-related neural activity.
Method
Stimuli and Design. Three sets of 16 unpleasant and one set of 16 neutral color pictures were selected from the IAPS (Lang et al., 1995) . Three sets of 16 pleasant pictures were also included but were not the focus of the present experiment and will not be discussed further. No pictures were repeated from Experiment 1. Each set of unpleasant pictures was assigned to either the decrease or the watch condition. The assignment was counterbalanced across participants. An increase condition was also included, the results of which have been reported elsewhere (Kim & Hamann, 2007) . Neutral pictures were always assigned to the watch condition, since preliminary work indicated that participants found it confusing to decrease emotional reactions for stimuli that had little emotional content. An additional 24 unpleasant, 24 pleasant, and 8 neutral pictures were selected as distractor items for a memory task. The memory task was not the focus of the present experiment and will not be discussed further. correlated with coldheartedness scores [r(9) 5 2.541, p 5 .086] but were not significantly correlated with neuroticism.
We next explored whether total PPI or coldheartedness scores were correlated with neural activity that was greater in response to moral pictures, relative to nonmoral pictures. The watch moral . watch nonmoral contrast revealed activity in the posterior cingulate (BA 31; p 5 .052, FWE small-volume corrected) and the posterior superior temporal sulcus (BA 39). Parameter estimates of activity in these regions were not significantly correlated with personality traits. Since we did not observe activity in other brain regions associated with moral processing in the watch moral . watch nonmoral contrast-notably, the MPFC-we investigated the possibility that activity in this region would be increased in response to moral stimuli only in participants scoring low on psychopathic traits. This would likely preclude finding a significant group effect at the p , .001 level. To investigate this hypothesis, total PPI and coldheartedness scores were entered into a whole-brain regression analysis as predictive factors in the watch moral . watch nonmoral contrast. This analysis revealed a negative correlation between total PPI score and the anterior MPFC (BA 10; p , .005, uncorrected; see Figure 2 ). No other regions were negatively correlated with total PPI score, and coldheartedness scores were not correlated with MPFC activity. When total PPI score was entered into the watch moral . odd-even contrast, a negative correlation with MPFC activity (BA 10) was again found.
Correlations between personality scores and brain activation during emotion regulation. The effects of individual variation in neuroticism and psychopathic traits on brain activation during moral and nonmoral emotion regulation were explored in the following contrasts: decrease moral . watch moral, watch moral . decrease moral, decrease nonmoral . watch nonmoral, and watch nonmoral . decrease nonmoral. Unlike the results for moral and nonmoral picture viewing, we did not observe any significant correlations between personality traits and neural activity in ROIs that were specific to moral or nonmoral regulation conditions; thus, the following results are collapsed across moral and nonmoral conditions.
In the group random effects analysis, the watch . decrease contrast revealed significant activation in one region, the insula. Activity in this region was not significantly correlated with any personality scores. The reverse contrast, decrease . watch, revealed activity in the superior frontal cortex (BA 6; p 5 .066, FWE small-volume corrected; see Figure 3A ). Parameter estimates of activity in this region were positively correlated with total PPI scores [r(9) 5 .631, p 5 .037] and coldheartedness scores [r(9) 5 .687, p 5 .02; see Figures 3B and 3C ]. Although we did not observe significant activity in other prefrontal regions, vlPFC activity did occur at a more lenient threshold ( p , .01, uncorrected) . Parameter estimates of activity in this region were positively correlated with total PPI scores [r (9) Correlations between personality scores and brain activation during picture viewing. Effects of individual variation in neuroticism and psychopathic traits on amygdala activity during unpleasant picture viewing were explored in the watch negative . watch neutral contrast. Although amygdala activity was not observed at the p , .001 level, left-amygdala activity occurred at a reduced threshold ( p , .01, uncorrected) . Parameter estimates of activity in this region were positively correlated with neuroticism [r(9) 5 .539, p 5 .044]. When negative mood state scores were entered as a covariate, the correlation was reduced only slightly ( p 5 .047). The correlation between negative mood state and leftamygdala activity while controlling for neuroticism was not significant ( p 5 .42). A negative correlation occurred between left-amygdala activity and coldheartedness, but the correlation fell short of significance [r(9) 5 2.39, p 5 .12]. Overall, these findings are in line with the results of Experiment 1.
Correlations between personality scores and brain activation during emotion regulation. The effects of individual variation in neuroticism and psychopathic traits on brain activation during emotion regulation were explored in the decrease negative . watch negative contrast. In the group random effects analysis, this contrast revealed activity in several prefrontal regions, including the superior frontal cortex (BA 6; p 5 .001, FWE smallvolume corrected), the bilateral vlPFC [BA 45, p 5 .10 (left), p 5 .001 (right) FWE small-volume corrected; BA 47, p 5 .001 (left), p 5 .003 (right), FWE smallvolume corrected; see Figure 4A ], and the bilateral dlPFC [BA 9; p 5 .001 (left), p 5 .003 (right), FWE smallvolume corrected; see Figure 4C ]. Parameter estimates of superior frontal activity were positively correlated with total PPI scores [r(9) 5 .541, p 5 .043] and coldheartedness scores [r(9) 5 .489, p 5 .063]. Neuroticism was not significantly correlated with superior frontal activity [r(9) 5 2.156, p 5 .65]. These results are in line with the findings of Experiment 1.
Parameter estimates of right-vlPFC activity (BA 45) were positively correlated with total PPI score [r(9) 5 .537, p 5 .045], but not with neuroticism [r(9) 5 .079, p 5 .817] or coldheartedness [r(9) 5 2.015, p 5 .965; see Figure 4B ]. In contrast, parameter estimates of rightdlPFC activity (BA 9) were positively correlated with neuroticism (r 5 .709, p 5 .015), but not with total PPI score [r(9) 5 .031, p 5 .928] or coldheartedness [r(9) 5 2.075, p 5 .827; see Figure 4D ]. When negative mood state scores were entered as a covariate for neuroticism, the correlation was reduced only slightly ( p 5 .054). The correlation with negative mood state controlling for neuroticism was not significant ( p 5 .97).
In summary, the results of Experiment 2 replicated the positive correlation between neuroticism and leftamygdala activity during the viewing of unpleasant pictures and the positive correlations between psychopathic traits and superior prefrontal and right-vlPFC activity during regulation that occurred in Experiment 1. We also observed a double dissociation finding in Experiment 2 Procedure. The regulation instructions given to participants and the prescanning practice task were the same as those in Experiment 1. Each trial proceeded as follows. First, an instruction in white letters appeared in the center of a black screen for 2 sec. The instruction was either watcH or decrease, indicating how the participants should evaluate the following picture. The picture was displayed for 8 sec, during which the participants either viewed the picture and allowed themselves to experience any emotions the picture evoked or attempted to decrease their emotional response. Following the picture, a rating scale was displayed that asked the participants to rate the strength of the emotion they were currently feeling on a scale of 1 (weak) to 4 (strong) by pressing a button on a four-button fiber-optic response pad. Next, a fixation cross was presented for 2 sec prior to the start of the next trial. A total of 48 trials (16 watch negative, 16 decrease negative, and 16 watch neutral) occurred over four runs. The conditions were presented in a pseudorandom order in each run, so that no more than two identical regulation conditions were presented consecutively. As in Experiment 1, images were rear-projected using an LCD projector, controlled by a laptop computer. Tasks were designed and presented using Presentation software (Version .50; Neurobehavioral Systems, 2002, http://nbs .neuro-bs.com).
Personality measures. The same personality measures as those described in Experiment 1 were used in data analysis.
MRI data acquisition and analysis. MRI data acquisition parameters and analysis strategies were primarily the same as those described in Experiment 1, except that scanning consisted of four runs, with a total of 185 scans in each run. Condition effects were modeled using a boxcar regressor convolved with a canonical hemodynamic response function for the duration of each picture presentation (8 sec), as opposed to being modeled across the entire 20-sec picture block, as in Experiment 1. Also, since Experiment 2 did not involve moral or odd-even conditions, the primary contrasts of interest were watch negative . watch neutral and decrease negative . watch negative. Accordingly, only ROIs associated with emotion regulation were defined and utilized in data analysis. Finally, since we had directional hypotheses for associations between personality traits and neural activity during picture viewing and regulation, the majority of which were confirmed in Experiment 1, one-tailed tests will be reported for correlations between neuroticism, coldheartedness, and amygdala activity during picture viewing and between total PPI score, coldheartedness, and superior frontal and vlPFC activity during regulation.
Results and Discussion
Results corresponding to the effects of unpleasant picture viewing and emotion regulation, irrespective of individual variation in personality traits, have been reported in a previous study (Kim & Hamann, 2007) .
Success in decreasing emotional responses. A paired samples t test comparing online arousal ratings for negative pictures in the decrease versus the watch condition was significant [t(9) 5 5.36, p , .0001], indicating that the participants reported experiencing less emotional arousal when down-regulating emotion (watch, M 5 2.84, Sd 5 0.54; decrease, M 5 2.24, Sd 5 0.42). This decrease in rated arousal associated with down-regulation indicates that the participants were successful in decreasing their emotional responses. Regulation success (mean arousal ratings in decrease vs. watch condition) was positively correlated with both total PPI and coldheartedness scores, but the correlations were not significant [r(9) 5 .22, p 5 .51; r(9) 5 .32, p 5 .34, respectively], likely owing to the small sample size. Regulation success was not significantly correlated with neuroticism scores [r(9) 5 2.04, p 5 .91].
In contrast to the results for neuroticism, amygdala activity that occurred during unpleasant picture viewing in Experiment 1 was negatively correlated with scores on the coldheartedness subscale of the PPI. This result is consistent with our predictions and suggests that individuals high in coldheartedness had reduced emotional responses to unpleasant pictures. A negative correlation between coldheartedness and amygdala activity during unpleasant picture viewing also occurred in Experiment 2, although the result fell short of significance. We did not observe similar correlations with the total PPI score, indicating that this association is particularly related to the low-emotional-reactivity dimension of psycho pathy. This result is consistent with previous findings of reduced amygdala activity during emotion processing in psychopathy (Birbaumer et al., 2005; Kiehl et al., 2001) , and the specificity of the result to the coldheartedness subscale suggests that reduced amygdala activity might be particularly associated with the affective component of psychopathy, as opposed to other components, such as antisocial behavior.
Effects of Neuroticism and Psychopathic traits on Neural Activity During Voluntary Emotion Regulation to Unpleasant Pictures
When participants regulated their emotional responses to unpleasant pictures in Experiment 1, increased activity occurred in the superior frontal cortex (BA 6). Activity in this region was positively correlated with total PPI and coldheartedness scores. Both of these results were replicated in Experiment 2. Although the superior frontal cortex is one of the most consistently activated regions in studies of emotion regulation (Ochsner & Gross, 2005) , its role in emotion regulation is not clear. Across studies, the coordinates of observed activations tend to center in the supplementary motor region, a region that has been implicated in internally generated actions (Passingham, 1987) or, more specifically, preparation for action (Brett, Jenkins, Stein, & Brooks, 1997) . Activation of this region in the present study may represent the recruitment of cognitive resources to be utilized in regulating emotional responses and/or the selection of a reinterpretive framework with which to decrease emotional reactions to a specific unpleasant stimulus. These processes might have been more readily recruited by individuals scoring high in psychopathic traits.
In Experiments 1 and 2, we also found a positive correlation between PPI scores and right-vlPFC activity when the participants were decreasing emotional responses to unpleasant pictures. This finding provides further support for our prediction that psychopathic traits would be associated with increased prefrontal activity during emotion regulation. Another interpretation of the positive correlations between psychopathic traits and regulation-related prefrontal activity is that this pattern represents a compensatory mechanism, recruited in response to limited input from limbic regions such as the amygdala. This interpretation is consistent with previous characterizations of neural dysfunction in psychopathy (Kiehl, 2006; Kiehl et al., 2001 ) and in which total PPI score, but not neuroticism, was positively correlated with right-vlPFC activity during emotion regulation, whereas neuroticism, but not total PPI score, was positively correlated with right-dlPFC activity during emotion regulation. None of the correlations reported in Experiment 1 or 2 occurred with any of the other NEO-FFI personality scores (extraversion, openness, agreeableness, conscientiousness) or with any of the other PPI subscales (Machiavellian egocentricity, social potency, carefree nonplanfulness, fearlessness, blame externalization, impulsive nonconformity, stress immunity).
GENERAL DISCUSSIoN
Neuroticism is associated with increased negative affect and, possibly, a diminished capacity to downregulate negative emotional experiences. Psychopathy, in contrast, is associated with reduced emotional responses to negative emotional stimuli. In the present study, we examined the effects of neuroticism and psychopathic traits on the neural correlates of viewing and decreasing responses to unpleasant pictures. We predicted that neuroticism would be positively correlated with emotionrelated brain activity, whereas the reverse was predicted for psychopathic traits. We predicted that individuals scoring high in neuroticism would show increased prefrontal activity associated with effortful regulation, whereas individuals scoring high in psychopathic traits were expected to show increased prefrontal activity associated with successful regulation. We also compared responses to unpleasant pictures that did or did not contain moral violations and predicted that neural responses to moral stimuli would be predicted by degree of psychopathic traits across individuals.
Correlations Between Neuroticism and Psychopathic traits and Neural Activity During Passive Viewing of Unpleasant Pictures
When participants viewed unpleasant pictures depicting moral violations in Experiment 1, amygdala activity in individual participants was positively correlated with neuroticism scores. This result is consistent with our hypothesis that neuroticism would be positively correlated with amygdala activity during unpleasant picture viewing, although the specificity of this result to the moral condition was unexpected. A positive correlation between neuroticism and amygdala activity during unpleasant picture viewing also occurred in Experiment 2. Importantly, amygdala activity was not significantly correlated with other NEO scales, such as extraversion, emphasizing the specificity of the result to neuroticism. In addition, the results were not due to secondary effects of negative mood state associated with neuroticism. Overall, the positive correlation between neuroticism and amygdala activity during unpleasant picture viewing is consistent with our expectation that individuals higher in neuroticism would show increased activity in brain regions involved in emotional processing. nonmoral picture viewing conditions, total PPI scores were negatively correlated with anterior MPFC (BA 10) activation in the moral picture viewing condition only. There are two aspects of this finding that are worth noting. First, the correlation was found in the moral . nonmoral contrast, highlighting the specificity of the association to pictures that depicted moral violations. Since the moral and nonmoral pictures were matched on emotional arousal, the specificity of this result to the moral condition indicates that the association is not merely due to a decrease in affective reactivity in individuals high on psychopathic traits. Instead, it suggests that the association is specifically related to the moral content of the stimuli. Second, the correlation was specific to the MPFC region; no other regions were correlated with PPI score in the moral condition. Abnormal structure and function of the prefrontal cortex has been found in individuals diagnosed with psychopathy or antisocial personality disorder (Kiehl et al., 2001; Lapierre, Braun, & Hodgins, 1995; Raine, Lencz, Bihrle, La Casse, & Colletti, 2000; Yang et al., 2005) . In addition, a recent study showed that patients with MPFC damage did not integrate emotional aspects of moral dilemmas into decisions regarding the appropriate outcome of the dilemmas to the same extent as patients with damage to other brain regions or individuals without brain damage (Koenigs et al., 2007) . The reduced MPFC activity we observed in response to viewing moral pictures in individuals high in psychopathic traits suggests that these individuals are particularly less responsive to emotional aspects of moral violations, which may diminish their ability to reason about moral situations.
A limitation regarding the correlations between psychopathic traits and neural activity during both emotion regulation and moral picture viewing conditions is that all of our participants were female. Since psychopathy occurs more often in males and may manifest somewhat differently in females (Cale & Lilienfeld, 2002) , caution should be taken in generalizing these findings to self-reported psychopathic traits in males. However, some evidence suggests that gender differences in the expression of psychopathy may be found primarily in the aggression/impulsivity domains, as opposed to the affective domain (see Verona & Vitale, 2006) , the latter of which likely has the strongest impact on emotion regulation processes, as well as responses to moral violations. Overall, little information is available regarding differential expression of psychopathy in males and females, and more research in this area is needed. The present findings provide a starting point for investigating associations between psychopathic traits and neural correlates of emotional-moral processing and how these might differ in males and females.
Summary and Conclusions
This is the first study, to our knowledge, to explore the neural correlates of neuroticism and psychopathic traits in the context of emotion regulation. We observed a positive correlation between neuroticism and amygdala activity during the viewing of unpleasant pictures, is also consistent with our finding of a negative correlation between coldheartedness and amygdala activation during unpleasant picture viewing. The association between psychopathic traits, particularly the low-emotional-reactivity component, and increased prefrontal activation might become particularly salient during emotion regulation when the individual is specifically attending to their emotional responses in an effort to diminish them. In individuals high in psychopathic traits, this input is likely reduced, leading to a compensatory increase in prefrontal activation.
In contrast to the positive correlation between psychopathic traits and superior and vlPFC activity, we found a positive correlation between neuroticism and rightdlPFC activity when the participants decreased emotional responses to unpleasant pictures, as was expected. This result is consistent with that of a previous study by Canli et al. (2001) , who reported a positive correlation between neuroticism and dlPFC activity during an emotional picture viewing task. It is also consistent with the results of prior research implicating this region in effortful regulation, where activity increases with task difficulty (Lévesque et al., 2003) . Decreasing negative emotions is indeed considered to be a difficult task, as has been shown by prior research comparing up-and down-regulation of emotional responses (Kim & Hamann, 2007; Ochsner et al., 2004) . Subjective reports from the participants in these studies indicated that they found down-regulation to be a more difficult task than up-regulation. A recent study reported a negative correlation between dlPFC activity during regulation and postscan ratings of regulation success (Eippert et al., 2007) . Taken together, these results suggest that individuals scoring high on neuroticism had more difficulty decreasing emotional responses. However, it is important to note that we did not observe a negative correlation between neuroticism and our behavioral measure of regulation success. Although this may be due to demand characteristics (i.e., participants having difficulty regulating emotional responses may have still felt the need to demonstrate successful task performance), we interpret this result tentatively, pending future replication.
As was mentioned earlier, the primary regulation strategy utilized by our participants was a reappraisal strategy in which the scenes were interpreted as being unreal (e.g., from a movie). However, individuals may choose different regulation strategies to decrease negative emotions, such as reappraisal versus suppression, the latter of which has typically been associated with less regulation success (Gross, 1998) . Individual differences in personality traits such as neuroticism and psychopathic traits may differentially predict the use of specific regulation strategies, which may result in the recruitment of different neural systems. This is an important area for future research.
Psychopathic traits and Reduced MPFC Activity During Moral Processing
We were interested in exploring the association between psychopathic traits and neural activity during moral versus nonmoral picture viewing and regulation in Experiment 1. In contrast to the results for coldheartedness, which were generally consistent across moral and and a negative correlation between coldheartedness and amygdala activity in the same condition. During emotion regulation, we observed positive correlations between psychopathic traits, but not neuroticism, and superior and vlPFC activity. In contrast, we observed a positive correlation between neuroticism, but not psychopathic traits, and dlPFC activity during regulation. In addition, we found a negative correlation between psychopathic traits and MPFC activity that was specific to processing moral violations. Given the small sample size of the present study, these results should be considered preliminary, pending replication in larger samples. Overall, the results indicate that patterns of brain activation during the processing of negative emotional stimuli and during emotion regulation depend on the degree to which individuals exhibit particular personality traits. Because individual differences in personality and other domains (e.g., gender) have previously been associated with neural responses to emotional stimuli (for a review, see Hamann & Canli, 2004) , it will be important to build upon existing knowledge of individual differences in the neural correlates of emotion processing and to further explore potential individual differences in the neural correlates of emotion regulation.
